INTRODUCTION
Hydrogen evolution and post hydrogenation have been quantitatively studied versus annealing temperature on hydrogenated a-Si:H prepared in various conditions (See review in Ref. 1) .
In our case, we have studied amorphous silicon films prepared by glow diseharge decomposition of silane.
We correlated nuclear profiling measurements,providing the hydrogen atomic concentration C(x) at depth x, with physical measurements (electrical conductivity o r electron paramagnetic resonance EPR and infrared absorption IR measurements).
Conductivity measurements showed the existence of a surface dehydrogenated layer (SDL) for annealing temperature T > 450 OC.
We showed that our experimental results (EPR and nuclear profiling measurements) can be interpreted using a theoretical kinetic model of exodiffusion, which assumes the existence of two kinds of site for hydrogen in the amorphous network (this will be presented elsewhere).
We are mainly interested by the departure of hydrogen for T > 450 OC.
The aim of this paper is then to demonstrate that the theoretical kinetic model allows us to interpret u measurements in the same temperature range and then to describe quantitatively the SDL.
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In order to minimize or eliminate the Si-Hp and Si-Hg complexes, a high substrate temperature (420 to 450 "C) and low pressure (1.6 . lo-' to 2.2 -lo-' Torr) were used during sample deposition (1, 2, 3) .
The experimental and deposition conditions are presented in Ref. (1, 4) .
We have measured o during isochronal runs ( 8 = 30 min, A T = 20 "C) for annealing temperatures ranging from 150 to 640 ' C . After each isochronal anneal, the sample temperature was decreased to 60 OC.
In Figure 1 we plot loglo o versus reciprocal temperature (limited to TI annealing temperature) measured during this temperature decrease for T ranging from 450 to 640 OC. Figure 1 Evolution of the behavior of the conductivity log10 o versus reciprocal temperature 1000/T for one sample after one annealing ( (5) have demonstrated that in unannealed a-Si:H samples, the room temperature conductivity is controlled by band bending effects.
In our annealed samples, we showed that room temperature conductivity is not due to this phenomenon.
We showed that in such films, annealed at T > 450 OC, some of the hydrogen has diffused out of the sample from a region near the external surface.
The electrical conductivity of this superficial dehydrogenated zone is much greater than the conductivity inside the film where hydrogen atoms have not diffused. The superficial layer where the conduction mechanism takes place has an electrical conductivity close to that of evaporated amorphous silicon. Figure 1 shows that curves representing loglO o versus 1000/T for temperatures r-' (lo3 K-I) ranging in the vicinity of room temperature, obtained after successive isochronal anneals of the sample can be deduced from each other by translation.
The behavior of loglo o versus 1000/T is the same for all the curves but the effective thickness egff of the surface dehydrogenated layer is different and increases with the annealing temperature. An effective conductivity is measured and given by:
where oa is the conductivity of a hydrogenless amorphous layer.
It is close to the conductivity measured at 60 OC of a hydrogenated film annealed at 640 "C for 30 minutes, (Figure 1 shows that oa = 3.4 (Q cm)-I) and e is the thickness of the sample. Values of ezff deduced from room temperature conductivity measurements (~igure 1) using equation (1) are given in Table 1 , shown versus T in Figure 2 . Table 1 F i g u r e 2 V a r i a t i o n of egff/e (+) and eth/e ( 0 ) v e r s u s annealing temperature 
s :
where K1 and K2 a r e t h e frequencies c h a r a c t e r i z i n g r e s p e c t i v e l y t h e t r a n s i t i o n from s t a t e 1 t o s t a t e 2 and t h e i n v e r s e t r a n s i t i o n .

Considering t h e following i n i t i a l c o n d i t i o n s Cl(x,t=O) = C1O, C2(x,t=O) = C20 and t h e boundary c o n d i t i o n s of e x o d i f f u s i o n f o r hydrogen i n t h e d i f f u s i n g s t a t e : f o r t > 0, Cl(x=O,t) = 0, = 0 t h e s o l u t i o n s f o r t h e d i f f e r e n t i a l _ s y s t e m (2) a r e given by:
x=e ; Figure 1 shows a n i n c r e a s e on two o r d e r s of magnitude o f a measured a t 60 'C f o r annealing temperatures ranging from 450 t o 640 "C. The c o r r e l a t i o n between c o n d u c t i v i t y and EPR measurements (1) allowed u s t o show t h a t i n t h i s temperature range t h e i n c r e a s e o f u i s due t o d e p a r t u r e o f hydrogen r e l e a s e d from i s o l a t e d Si-H bonds ( s t a t e 2) , whose c o n c e n t r a t i o n i s C2Th (x, t = O ) .
clth ( x . t .~) = ~l t h ~X , K L T ) , K~( T ) , K~L T ) ) = + L -!--
W e then deduce t h e t o t a l c o n c e n t r a t i o n of hydrogen: W e s h a l l u s e t h e s e r e s u l t s t o d e s c r i b e t h e c o n d u c t i v i t y measurements and t h e SDL.
COMPARISON OF THEORETICAL MODEL WITH EXPERIMENTAL RESULTS (T 3 500 O C )
I t i s reasonable t o admit t h e e x i s t e n c e o f a c r i t i c a l c o n c e n t r a t i o n (we s h a l l c a l l t h i s ~s r i t ) o f t i g h t l y
bound H i n t h e l a y e r , below which one begins t o observe an i n c r e a s e i n u.
T h i s should b e i n agreement w i t h t h e Brodsky model (71, which assumes t h a t t h e r e i s a p e r c o l a t i o n mechanism between dehydrogenated zones c o n t r i b u t i n g t o t h e conduction.
The SDL model i m p l i e s t h a t i f :
, then a = oa; and CgTh(x,t) > C2 , then o = oSiH, where oSiH is the conductivity of the hydrogenated layer.
On the other hand, equation (1) provides an effective thickness ezff of the dehydrogenated layer for each temperature.
In Figure 3 we present the variations of C2Th(xrerT) versus X, as well as the straight line csrlt = 0.0135.
The physical meaning of this value is discussed elsewhere.
The intersection of the line with curves C~T~( X~~, T ) allows one to define a theoretical effective thickness e & = eth for each temperature. AS CZTh(~,er~) involves three parameters, K (K == D/4e2), KI and Kg, we have to calculate these parameters for annealing temperatures ranging from 500 to 640 "C. We look for the best agreement between egff and eTh.
values of e~h are given in Table 1 and presented in Figure 2 versus T.
Values of K, K1 and K2 obtained from the comparison between experiments and theory are given in Table 1 On the other hand, it seems that the activation energy associated with K1 (corresponding to the capture of H atoms in an isolated Si dangling bond) is slightly higher than that of K2. The few values of K1 do not allow us to define the activation energy with great accuracy.
We shall calculate elsewhere values of K1 by comparing the complete kinetic model presented here with results of nuclear reaction, o and EPR measurements. These values of K1 will confirm those obtained here by o measurements.
